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1. ABSTRACT 

This study reveals that the power-law form of the Seasat A 
Scatterometer System (SASS) empirical backscatter-to-wind model 
function does not uniformly meet the Instrument performance 
specification requirements; viz., error in derived wind speed < max 
(2 ms"' , 10 percent), over the range 4 to 24 ms“' . Analysis 
indicates that the horizontal-polarization (H-Pol) and vertical- 
polarization (V-Pol) components of the benchmark SASSl model function 
(Schroeder, et al 1982b) yield self-consistent results only for a 
small mid-range ot speeds at larger incidence angles, and for a 
somewhat larger range of speeds at smaller incidence angles. The 
present approach differs from previous calibration studies (e.g., 
Jones et al., 1982): here the model's internal V-Pol vs. H-Pol 
consistency is examined by the use of a set of pair-wise collocated 
SASS-produced winds, where one member of a wind pair derives from only 
V-Pol backscatter measurements and the other from only H-Pox 
measurements. This data set was created by extracting all pairs of 
SASS GDR (Boggs, 1982) winds of the form (Uw ^ ) such that 
Uyy and U^H are contemporaneous and are separated by no more than 50 
km, and contains 377,289 such pairs. 

Comparison of SASSl to in situ data over the Gulf of Alaska 
region further underscores the shortcomings of the power-law form. He 
find that the slope of the V-Pol -backscatter-measurement vs. wind- 
speed relationship for speeds greater than 10 ms"* is less than that 
given by SASSl. Taken together, this ^ situ comparison and the SASSl 
V-H self-consistency study indicate that H-Pol-backscatter vs. wind- 
speed slope is greater than V-Pol-backscatter slope for speeds above 
10 ms**' , with the reverse holding for speeds under 10 ms'* . Thus H- 
Pol backscatter shows greater sensitivity to wind speed variation at 
higher winds, and less at lower winds, than does V-Pol backscatter. 

Finally, a physically-based empirical SASS model is proposed 
which corrects some of the deficiencies of power-law models like 
SASSl. The new model allows the mutual determination of sea si /face 
wind stress and wind speed in a consistent manner from SASS 
backscatter measurements. In contrast, the SASSl model only 
determines the wind speed. 
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The oceans cover 70 percent of the Earth's surface, and the 
paucity of weather observations over these huge areas has always been 
a crreat handicap to wind and wave forecasting. This condition was 
alleviated for the short three summer mofiths in 1978 when NASA flew 
the Seasat satellite, which carried three wind measuring instrume.nts 
Hitos and Wilson, 1983); only one of which we are concerned with 
here . 


TTie Seasat A Scatterometer System (SASS) was a 14.6 GHz (2.1 cm) 
active microwave radar designed to permit inference of the ocean 
serf ace wind from precise measurements of the backscetter of emitted 
radiation by gravity-capillary waves on the sea surface. The received 
return, expressed as the normalized radar cross section (NRCS or Cf*) , 
from the f-ur dual-polarized, x-oriented antennae may be directly 
related to the surface wind speed through a geophysical "model 
function', constructed by means of a combination of theory and 
experiment (Schroeder et al., 1982b). The wind direction, however, is 
not uniquely determined (Wurtele et al., 1982; Peteherych et al., 
these Proceedings). This paper will not be concerned with the 
multiple wind-direction ambiguity (i.e., the "alias") problem. 

The fundamental validations of SASS are contained in the articles 
by Jones et al. (1982), Schroeder et al (1982a and 1982b), Wurtele et 
al. (1982), Brown (1983/, reporting on the large cooperative Gulf of 
Alaska Seasat Experiment (GOASEX) and Joint Air-Sea Interaction 
Experiment (JASIN) workshops, out of which came the benchmark SASSl 
model function". The SASSl relates the NRCS to the wind field 
parameters, speed and direction, relative to: the incidence am le (©) 
of the radar radiation arriving at the sea surface, the azimuth angle 
I ) of the wind direction relative to the radar beam illumination at 
the surface, and the polarization type (£) of the incident radar 
radiation; i.e., vertical polarization (V-POL or V-POLE) or horizontal 
polarization (H-POL or H-POLE) . A review of the history of the 
relationship between NRCS and wind speed at microwave frequencies is 
given by Moore and Fung (1979), Boggs (1981), and Schroeder et al 
(1982b). The basic assumptions are that the relationship between the 
NRCS and the wind speed is a power law (described below), and that 
there is no dependence on sea surface parameters such as temperature, 
viscosity, and surface tension. The constants of the power law were 
evaluated by 'tuning" the model to a "surface truth" comparison wind 
data set in JASIN, where the sea surface temperature was constant 
(about 12® C) and the wind speed range was small (4-16 ms“' , Boggs, 
(1981)). The Seasat specifications for the SASS were: wind speed 

measurement range of 4 to 24 ms*' with an accuracy of + 2 ms’* or 
10%, whichever is greater; and wind direction of 0 to 360 to within 
20 degrees (Jones et al., 1982). Jones et al. claim that the SASS 
model function, SASSl (Schroeder at al, 1982b) yield accuracies better 
than the Seasat specifications over the 0 to 16 ms“* range of winds 
observed during JASIN. This paper outlines problems with the above 
assumptions in the SASS model function, particularly at larger wind 
speeds and incidence angles. The results here will begin to show that 
SASS did not uniformly meet its performance specifications over the 
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wind speed range placed by the Seasat Project, ana oi.-. ■ ^ ' c..- • 

fraction of the 16 million SA££ observations may be in ei : n-: i. . .. ; 
than the performance specifications allowed. In spite of tr.ls, uie 
study by Peteherych et al . (1984, these Proceedings; clearly snovs 

that the scatterometer system "works" in defining and locaiin',. ibe 
weather patterns. Therefore, the SA£E data record derived usi> £A£B.i 
is emi.nently qualified for many meteorological and oceat;og!.apui,c 
purposes . 

Ttie presentation of our results to date is .>rgctn^„t^ Tf.rtv 

parts ; 


tl; The first part is a restriction to aspects !■. .ABl'i 

model function that can be treated with'_j . me-. 
surface truth. Here we use various ohecKs in ' t-.-st 

the internal consistency of the model fu: ..,xo.n, ootf. 
quantitatively and in its form. Tlie data set jiei . ;>! this 
study consists of 377,289 pairs of BASS wind speeds s. the 
form <Uyy, where each member of the pair is derived 

separately from V-Pol and H-Pol NRCS's suefj that ar.a 

Uhh are located within 50 km of each other. 71. is set 

is an extraction of all such pairs of £AS£/SA:Mx derived 
wind speeds from the complete Seasat mission aata set 
resident on the Pilot Ocean Data System (PODS, at J?L. 

(2) The second study makes some comparisons of wind speeds from 
in situ wind fields derived from ships and buoy reports, to 
SASSl and other scatterometer model functions. 


(3) A new model is then hypothesized to reduce or ciimir.a'c 
some of the discrepancies shown by the studies cited above. 
This model differs in form from previous models, including 
SASSl, but should be considered as a modification of these, 
rather than as a construction from first principles. 


3. INTERNAL CONSISTENCY CHECK OF TliE SASSl MODEL 


The SASS operated in any one of 8 modes of antenna/polarization 
combinations during which a four antenna-beam/polarization sequence 
was cycled through. The principal operational mode was mode 1. This 
resulted in sequencing the four antennas through vertical polarization 
on both sides of the spacecraft. The present study, however, is based 
exclusively on data taken during modes 3 and 4. These two modes 
generated vertical and horizontal polarization sequencing on the left 
side of the spacecraft only (mode 3) or on the right side only (mode 
4). This resulted in the determination of SASS winds derived from 
either V-Pol NRCS data or H-Pol NRCS data in nearby locations. 

Figure 1 illustrates samples of SASS wind fields in the form of 
direction ambiguity "aliases" (the X's with noted speeds in meters per 
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. second) derived with the SASSl model function. The wind solutions in 
the left panel are computed from V-Pol-only data, and in the right 
panel from H-Pol-only data. These measurements were taken during a 
single SASS pass on the morning of ‘September 17, 1978 in the vicinity 

of the HMS Ark Royal aircraft cat..ier (marked A) and the NATO fleet 
operating in the southern Norwegian Sea (Fett and Bohan (1981)). The 
flag symbol at A notes that the Ark Royal reported winds of fS knots 
(about 28 meters per second) in magnitude by the anemometer mounted 18 
meters above the ocean surface. Besides the near agreement between 
Ark Royal and the H-Pol winds (Uj^, at 19.5 m elevation), note the 
large disagreement between the V-Pol winds (Uyy , at 19.5 m 
elevation) and U^H . We also discovered similar disagreements 
between Uyy and for the high winds in the SASS passes over the 

storm which damaged the Queen Elizabeth II luxury liner on September 
11, 1978. 
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Fijurs It iiAriu coepiritons beteem the HHS ^ Royiil (at petition A) and Nindi detcreineo free 
(1) V-Pol SASS NRCS leasureaents tleft plot), and (2) eindt deterained froa H-Pol SASS ARCS aeasureaents 
(right plot); during the saae Seasat overflight (pass) on Sept 17, 1978. 


Having concluded from these specific examples that serious 
polarization inconsistencies exist in SASSl, we turn to a more 
systematic and fundamental approach. He first note that the SASSl 
model function relates the NRCS intensity to the surface marine wind 
field by a power law: 

NRCS = g (e,'X,€) q) 


Since the NRCS is usually expressed in decibel (dB) units. 
Equation (1) is written in its logarithmic form: 

<y'=NRcs(aB.') = io[<5(e.}(.e) + H(e,x,€) ("5^ ( 2 ) 


m where G « log|o g« The parameters and € are defined above. It 

is important to )serve that this power-law relationship'' is an 

established conventional formulation vdilch seems to have -rlien 
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Valenzuela et al, 1971) as a convenient curve-fitting technique, 
without any particular physical rationale. The official SASSl model 
function is in the form of tables of G and H functions for two-degree 
intervals of incidence angle (©)• and ten-degree Intervals of azimuth 
angle (X> for both V-Pol and H-Pol NRCS (Schroeder et al. 1982b, table 
2). As remarked above, these table values were tuned to the high- 
quality JASIN surface wind fields data set. The total data set was 
derived from about 700 wind measurements with an upper bound of 
16 ms**’ , 66 of which are in the low-speed Interval 0 to 6 ms”' . 

Insofar as wind speed is concerned, is fair to say that SASSl was 
tuned to a very limited data set. 

If we take © = 38 degrees and X = 0 degrees as typical values, we find 
in Schroeder et al. (1982b) the table entries for SASSl: 


€. = V-Pol : 

€ = H-Pol: 



Figurt 2. A graphical dipiction ol SASSl 
poNfr-laM functiOBi Eg.(2l| for the eonditioni 
d • 38, • 0, for both V-Pol and H-Pol ARCS 

(^*1. Shorn alio aro roproiantativo valuci 
froo Fig. 1. The luporicript N on U (tho 

oindopood) doootn oindo corroctod to noutral 
stratification condioos fo^ tho atioiphcric 
ourfaco layor. Tho labscrlpt IV.S on U indicatoi 
tho rofircncc boight for tt ahovo loa livol. Both 
luburipts and ouporKripti bavo loon droppod 
olioHhore in tho figurn and tnt. 


G 

H 

-2.953 

1.690 

-3.368 

1.823 

Thus, 

on a vs log U 


diagram the H-Pol plot will be 
below the V-Pol plot, with a 
slightly greater slope, as seen 
in Figure 2. Referring to Figure 
1, we may take the mean H-Pol 
wind speed as 29 ms*' and the V- 
Pol as 21 ms*' . If these two 
speeds are mapped into NRCS 
values via the SASSl table 
entries — indicated by the 
points UyyO»s and U^uOBS in 
Figure 2 — we see that the 
resulting H-pol and V-pol NRCS's 
are approximately equal ('^-TdB) . 
These results at high winds have 
been anticipated. Valenzuela 
(1968) reported that "for very 
rough seas the cross-sections for 
horizontal polarization become 
comparable to, or greater, by a 
few decibels, than those for 
vertical polarizations; while for 
calm and moderate sea conditions, 
the cross sections for vertical 
polarization are always greater". 

The discrepa.tcy noted in the 
Ark Rpy^ case is characteristic 
of the higher wind-speed range, 
as can be seen from the 
statistical presentation of 
Figure 3. Here the set of pair- 
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M-«X r^OtoTCD V-«». Ull» CCMMIIVM 



Figure 3. Statistical coapariton of Minds 
derived Froe the SASSl V-Poi and H-Pol poner Um. 
377,28? pairs of V*Pol and H*Pol eind data Mere 
sorted in one-half neter per second V-Pol Ni.’id 
bins. 


V AND H POLARIZATIONS 



Figure 4. Consistency betucen einds derived froe the 
SASSl V-PoI and H-pol pousr leu, Eq.(2), as a function 
of incidence angle. 377,289 pairs of V-PoI and H*Pol 
Hind data uert sorted in one degree incidence angle 
bands. 


wise concurrent SASS V and H pol 
winds described above is examined 
in a V vs. H sense. The 377,289 

V/H pairs were first sorted by V 
value into forty-eight 0.5 ms V- 
pol wind speed bands along the 
abscissa. Each ordinate point 
shown is then the mean speed of 
all the H values falling within a 
particular band. Note that this 
comparison does not depend on the 
quality of in situ data (except 
for the model-tuning JASIN data 
Itself), but constitutes an 
internal consistency check on the 
SASSl model function. 

Figure 4 examines the 
incidence angle. This study 
shows differences and 

sensitivities of the mean wind 
speeds (grouped in one-degree 
incidence angle "bands") as a 
function of incidence angle. The 
trend in difference between V-Pol 
and H-Pol winds as a function of 
0, and the general dip of both W 
and HH mean wind speeds as a 
function of 0 beg explanation. 
If the SASSl were correcty 
specified, we would then expect 
constant and identical mean wind 
fj-eds as a function of © . 

An examination of the 
sensltlvicy of SASSl to wind 
speed, polarization, and 

incidence angle, is better 
displayed in Figure 5, which 

shows the bivariate frequency 
distribution of Uyy and U^^ in 
three-dimensional form as a 
function of incidence angle 

(noted to the right of each of 
the three distribution plots). 
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I 

i 




1 


Figuri 3. A 3'dlNnsioMl ditpUy of thi chiracttriitici of tho bivoriiti friqumcy dUtributioo (vortical icalo) 
of collocated (oithin SO Ml) horizontal Kale) and horizontal Kilo) darivod froa 8ASS1 for 3 
different incidence angle lO) bandi. The vertical icalc ii to the one-half pooer for aaee of dieplay of the 
characteriitici. The wind data are sorted in one-half by one-half Hter per iKond oindspeed bins. 
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The paired and Uhh data set was sub-dlvlded Into one-half meter 
per second wind speed bins in Uyv and . These bins were further 
segregated into 5 incidence angle bands of about 75,000 pairs of 
measurements in each band. This incidence angle band breakdown is 
sufficient to indicate the trend of the data. The vertical scale is 
the square root of the number of pairs (counts) in each one-half by 
one-half meter per second bin to make the lower frequency counts 
visible and to ease analysis of the characteristics. The range of 
wind speeds shown is from one to 35 ms”’ for both Uy^ and Uhh t 
the grid Is one-half ms”' . The data shows the best agreement between 
Uyy and U„H for the lowest range of incidence angles (top panel), 
except at small winds where U^h is greater than Uyy (data lying 
along the vertical diagonal would indicate exact agreement). The 
poorest agreement between Uhm and Uyy evidently is at the largest 
range of incidence angles. Here, UJ^^ is greater in magnitude for both 
the lowest and highest winds. In a small interval of midrange wind 
speeds, the agreement appears satisfactory. 

A quantitative estimate of the differences in wind speeds between 
Uyy and U| 4 >, as a function of incidence angle is better illustrated by 
the two plots of Figure 6. In the left plot the data are sorted into 
one ms”' Uyy wind-speed bins on the abscissa, and then averaged over 
the correst^onding ordinate values. Shown is the difference between 
the mean value of U^^ and the mean value of Uyy for each Uyy bin. In 
the right plot, the data are sorted into one m^’UHH wind speed bins. 


AC A fUAiCTIOM l»IClOeMCC AM^LI 


(rt.pau - C..Ut*w» H-m.IV.^1 

V/||4P SfMO 

AS A FUNCTIOI4 0^ iHClOCHce AHAlS 



Fi|urf Coipiriioni of tfiffirmcii bitmn mm valuii of Uim Md Uyy ao a functioo of oitlior Uyy lortad 
data (loft plot) or lortod data (right plot) for the fivt difforont iocidwco angle bMds notad hy the 
•yohoU at the right of each plot. 


-I 





Fifure 7. Coipirison of difformcos 
bttoiin Min viluii of (T^y ind 
u I function of bin avoraged <J^vi all 
rodtrivid froi 8A8S1 and all thi 377,289 
pain of thf Uyy and data, for tha 
fiva incidenct angli bandi cantarad at 
0 valuaf fhoan. Tfa linai rapraiant 
tha corraiponding 8A881 aodal 
diffarancat in and <Thh •» * 
function of (S^y for tha fiva incldanca 
anglai. Tha uind ipaadi datareinad froa 
tha V-Pol 8ASS1 aodal ara notad on tha 
top line for a rafarenca. 



•iPOl* WMOWIID, 


Figura 8. Calibration of tha 
6M8El*roglon uindfiald ipaadt darivad 
froo aurfaco proiauro fitlda to 
colloeatod high-quality obaorvationi of 
wind apaad froo buoyi (nuaborti, 
rntarch vtiiali at PAPA (Pi, and tho 
raaaarch chip Ocaanographar (0). 


The data points are further sorted 
into Incidence angle hands as noted on 
the plots by coded symbols. Here, all 
five Incidence angle bands are 
displayed. The best agreements between 
Uyy and for all incidence angles 
for both binning methods occurs near 10 
ms“* , the mid-range of the JASIN wind 
speed data used to "tune" the SASSl 
model function. This data illustrates 
the lack of consistency between Uyy 
and U»,H shows V-H differences 

greater than specifications allowed in 
the error of either polarization type, 
particularly at the higher winds and 
larger Incidence angles. The 

differences in both plots for wind 
speeds less than 10 ms*' , can be 
partially reconciled by examining the 
three-dimensional distributions of the 
Uhh And Uyy data in Figure 5. The 
left plot of Figure 6 appears to be 
more Indicative of the trend in the U^v 
/Uhh bivariate distribution mean 
(approximately given by the ridge top) 
than is the right plot at lower wind 
speeds . 

Now, is it possible that a minor 
correction can bring SASSl into 
Internal conformity? To test this 
hypothesis, we present the statistical 
data in a different format. Consider 
the difference ~ 

According to the power law formulation, 
this difference must have the form: 




This logarithmic form is seen in the 
straight lines on Figure 7 plotted 
according to SASSl for five Incidence 
angles. The data points corresponding 
t these incidence angle categories are 
also plotted as recomputed (i.e. mapped 
back to units using SASSl at mid- 
band incidence angles and the 
arbitrarily chosen value * 0 (upwind) 
for the azimuth) . ?vV Z versus the 
bin-averaged V-Pole conclu- 
sions of the previous paragraphs are 
confirmed: the consistency of SASSl is 
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validated only for a small mid-range of 
speeds for the larger incidence angles, 
and ior a somewhat larger range of 
speeds for the smaller incidence 
angles. Altogether, the shapes of the 
data-curves in Figure 7 strongly 
suggest that the power law relationship 
of Equation (1) is not an adequate 
representation. 


4. COMhAhloONS OF SAS31 AND OTHER MODEL PREDICTED WINDS WITH IN SITU 


Th:z ?e-tion will use _in sit u data to reinforce the conclusions 
or t,he previous section: the power law relationship (1) between NP.CS 
ar.d wind speed requires revision. 

Tne primary in situ winds used in this study came from wind 
fields analyzed for the GOASEX workshops (Barrick et al, 198C, and 
Brown et al, 1982). Figure 8 illustrates the relatively good quality 
of the winds from the wind fields when calibrated to buoys in the Gulf 
of Alaska (the numbers refer to the last digit of the buoy 
identification number; e.g. "2" refers to buoy 46002) and the research 
vessels; Oceanographer ("0") and either the Qtiadra or Vancouver wnich 
were located at ocean station "Papa" ("P") at that time. The symbols 
indicate the SASS Rev numbers at the time of the Seasat overflights of 
the yn s Itu buoy and chip measurements used in these comparisons. The 
abscissa, noted in the t igure as the "spot" wind field, represents the 
values of these iji situ measurements, wh„..e the ordinate represents 
those from the GOASEX wind fields. 



Plotted in Figure 9a (upper left plot) are the wind speed 
comparisons of the winds from SASS (the ordinate) estimated by the 
Wentz2 model function (one of the ancestors of SASSl, Barrick et al., 
1980), versus the winds from the GOASEX wind fields (the aibscissa). 
Each data point represents a bin of 100 independent pairs of 
measurements which were sorted along the abscissa, and which were co- 
]ocated in space and time within 3 hours of the Seasat overpass. The 
bars represent one sample standard deviation for both parameters in 
each 100 sample-size bin. Barrick et al. (1980) noted that the G-H 
table for Wentz2 was based solely on aircraf t-scatterometer/wind- 
" truth" measurements. Thus the computed SASS winds in this plot, 
derived from a power-law model, were Independent of the influence of 
any SASS/wind-" truth" calibrations. Note that estimations of the 
SASS/Wentz2 wind speeds are generally higher than those from the 
GOASEX wind fields. Agreement between these two Independent wind 
data sets occurs near 18 ms”' where the diagonal (which would 
represent perfect agreement) appears to Intercept the data. 

The data points In Figure 9b (upper right plot) represent the 
same data set as in the upper left plot, except the ordinate values 
have been transformed back to NRCS V-Pol values with Wentz2 using 
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©= 38 ard X = 0. For the latter specification, the Wer.tzc 
value for G is - 3.524, and for H is 2.074 (F. J. Wentz, persc/na; 
communication). For comparison, the SASSl V-Pol modei is plotted ■ iti- 
dashed line through the data points), also for 0 = 38 and = 0 . 



Figure 9. Four plot! that esientially coapare V-Pol icattiroictir*rclated data (le)t ordinate), and collocated hi $itu 
'truth* data (abscissa): a) The upper left plot coipares the results froe tne 60ASEI region to Nentir (an ancestor of 
SASSl) iodel'derived results. Perfect agreeaent uould be along the diagonal, b) The upper right plot coapares rtsjlts 
(data points) froa the SOASEI region to the SASSl (dashed line through the data points), c) The lover left plot shout 
replotted data free Duncan et al. (1974). d) The lower right plot shows coaparisons betueen SASS data (left ordinate 
vs. abscissa) and Kondo’s (1973) eapirical aodel which relates the aeasureaents of the res heights ' the high 
frequency ocean naves (wavelengths froa about 0.8 ca to 62 ca) via the aerodynaaic roughness length, 1 ^ , further 
related to the buU eoacntua transfer coefficient, 10^8,^^^ (right ordinate), to aeasured windspeeds. 

As previously noted, SASSl was calibrated to the JASIN wind field 
data set. The abscissa in Figure 9b thus represents wind values from 
GOASEX (data points) as well as wind values from JASIN (the SASSl 
curve). The horizontal error bars for the GOASEX winds have been left 
off for clarity. These errors are shown in the upper left plot. 
However, because of the new scale for th*> ordinate, the vertical 
error bars from Figure 9a have been transformed. A comparison of 
Figures 9a and 9b shows that there is considerable improvement in 
model fit to the data by the JASIN -calibrated SASSl over its ancestor. 
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Wentz2. Although much of the model bias has been removed for the 
lower wind speeds, SASSl would appear to underestimate the higher 
winds. The data of Figure* 1. as well as some other case studies (e.g. 
Jones et al, 1902, Flguee 14), appear to confirm the poorer estimates 
of Uvv at higher speeds when a power-law function empirical model is 
calibrated to fit only the lower wxnc, speed regime (i.e., wind speeds 
< 16 ms“' ). 

We now examine the tendencies of the data obtained during the 
GOASEX period which are displayed in Figure 9b. The mean values of 
the distributions appear to be rather rmoothly varying ever the entire 
range of values with the possible exception of the mean wind speeds 
located near 7 ms'* It seems that an empirical model function 
determined with two, or possioly three, disjoint linear regressions 
yielding a broken line through tVie mean wln.i speeds of the 
distributions would give hetcer estimates of Uw for both the lower 
and higher wind speed regimes. it could also be argued that one of 
the breakpoints connecting the linear fits would occur near 10 ms"' , 
and perhaps a seconu near 5 ms'* . Such a model would obviously 
deviate frora a power-law function attempting to cover the entire wind 
speed regime. In addition , the trend of the mean values suggests 
that this hypothesized empirical model would result in a ^*vs. wind- 
speed slope less than predicted by SASSl for wind speeds greater than 
10 ms"* . 


The two- or threi“-regime type scatterometer model function 
speculated on here could also be suggested for the data shown in 
Figure 9c (the lower left plot). However, the data shown by the 
points in this plot resulted from a wind-wave tank experiment 
reported by Duncan et al. (1974), which Included measurements by an X- 
band (frequency of 9.375 GHz, wavelength of 3.2 cm) scatterometer in 
the vertical polarization mode. The data in Duncan et al. (their 
Figure 13) was replotted here with a logarithmic scale in dB for (S’*. 
The authors noted that a "second break point is easily discernible in 
the data at a wind speed of about 10 m sec"* ", apparently confirming 
our view that the form of the model function for the vertically 
polarized SASS data should be other than a single power function over 
the entire wind speed regime. 

The evidence presented thus far at least suggests that the forr 
of the model function relating (5*v*v and Uw night be more convex in 
shape than SASSl, and thus departs somewhat from SASSl and its 
ancestors. As seen in Figure 9b, however, SASSl gives a fair 
empirical representation of the rate of change of <T* to U over the 
wind speed range available for its calibration. The perceived 
inadequacies of SASSl are probably not due to a lack of quality of the 
calibration situ JASIN data used (inasmuch as the JASIN data was 
the best possibly available), but are perhaps due to the limited 
quantity a; ’. range of environmental conditions available for its 
calibration. Other shortcomings are noted in Schroeder et al. 
(1982b., p 3335). A new model, which would correct some of the 
difficulties with SASSl, is proposed in the following section. 
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5. AN EMPIRICAL MODEL RELATING SCATTEROMETER NRCS TO BOTH WIND AND 
WIND STRESS 

The four plots of Figure 9 form a group of related data. A 
discuss-*on of Figure 9d will involve the proffering of a new empirical 

scatterometer-model-function parameterization the topic cf this 

section. The new aspects of this parameterization are: (a) the 

departure from an empirical model based on a power-law function, and 
(b) the estimation of both wind and wind stress from the NRCS. 
Previous models only resulted in either an estimation of wind, or an 
estlmatcn of wind stress (Jones and Schroeder, 1978). 

The theoretical basis for the parameterization of air -sea 
interaction is a complex and controversial subject that cannot be 
entered into here. In cur view, however, the best treatment of the 
theory and the most appropriate ocean measurements are those of Kondo 
(1975) and Kondo et al. (1973). His analysis relates the bulk 
momentum transfer coefficien-; C,^ (since his observatlon-r were taken 
at 10 meters) to the aerodynamic roughness length of the sea surface 
Z«, which he describes as related to the rms height of the "sea 
surface irregularities associated with the high frequency ocean waves" 
wltn wavelengths from about 0.8 cm to 62 cm. This relationship, of 
course, derives from the logarithmic wind profile in the surface 
layer, an assumption commonly accepted over the ocean surface. From 
his experiments, Kondo then determines C |0 from the roughness length 
and relates the drag to the wind speed according to an approxlsiate 
linear formula. Since our wind data are referred to at a 19.5 meter 
elevation, we convert Kondo' s results to: 


10^ « A BU . (4) 


Kondo (1975) present* r 'instants for four wind-speed regimes, and 
also gives formulae U' . inverting to arbitrary Cj . Thus, the 
following set of constants are calculated entirely from his work, with 



no assumptions of our own: 

U, ms*' 

A 

B 


(at 19.5 m) 
2.3 - 5.3 

0.71 

0.069 

■f 

5.3 - 8.5 

0.80 

0.052 


8.5 - 26.8 

o 

GO 

0.019 


He now, however, allow ourselves one adjustable additive 
constant, Sp , which will thon be a function of incidence angle, 
azimuth angle, and polarization. Then the model function (2) takes 
the new form: 
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The adjustable constant Sp was chosen to produce a best fit to 
the SASS data points of Figure 9d. The results appear in Figure 9d, 
where the solid line - composed of three segments - is calculated from 
equation (5) with Sp = 0.157. 

There are two features to note about Figure 9d. First, owing to 
the different structures of the three wind-speed regimes, as observed 
by Kondo (and others), the low and high wind-speed regimes are fit by 
(5) better than by SASSl, as seen in Figure 9b. Second, because the 
formulation of Kondo has a physical basis in the similarity t> eory of 
the surface layer, it results in the determination of the stress on 
the sea surface 


/> I I ^ ^ ^ ^ 

X = /O CjUi 

consistent with, and at the same time as, the wind speed Uj* The 
appropriateness of this formulation was long ago recognized by Munk 
(1955), who emphasized thc.t the form drag is essentially determined by 
the high frequency portion of the ocean wave spectrum owing to the 
contribution thereof to the mean-squared surface slope. 


6. DISCUSSION AND CONCLUSIONS 


The stroke of perspicacity resulting in the design of dual- 
polarization modes for each' SASS antenna permitted the possibility of 
an internal calibration of the SASSl model function, as demonstrated 
above. Our study c" comparisons between collocat‘‘d Uw Uhh 

stj^ngly suggests that he power-law relationship of equation (1) is 
not an adequate repr sentatlon. But, if the proper function for 
determinilng Uvv or U^^ bf;Comes known, the other could be defined. The 
results at the higher wind range were anticipated by Valenzuela 
(1968). Wright (1966, and 1968), from his comparative studies of 

and , suggested that the major behavioral differences 

between <^vV and as s function of incidence angle and^ wind speed 
could be explained by the much stronger dependence of than d'yy on 
sea slope. In addition, Wright showed that this characteristic 

difference leads to an estimate of the mean-squared slope of the sea 
surface. 


The data analysis performed in Section 3, l.e., the comparisons 
between SASSl and other 'nodel-predlcted winds with situ winds, 
reinforce the results of Section 2. Further, the evidence provided 
by 'the data at least shows that the model relating <$^ytoUyy is more 
convex in form than the SASSl form, a result «^tch could be 
anticipated by t^e experimental data of Duncan et al (1974). This 
observation ^about tlw (j^yvs Uyy form, plus that about the relative 
change of ^y with Figure 7, leads to the conclusion that H-Pol 
backscatter shows greater sensitivity to wind speed variation at 
higher winds, and less at lower winds, than does V-Pol backscatter. 
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ORIGINAL PAUL 
OF POOR QUALir/ 

The data analysis in Section 2 and 3 above clearly suggests that 
further SASSl model function adjustments are still required if the 
Seasat scatterometer wind specifications are to be met over the entire 
range of wind speeds (4 to 24 ms”’), particularly for winds greater 
than 16 ms”' . The GOASEX winds, although of less quality than those 
from JASIN, proved to beneficial in this evaluation and in the 
formulation of the proposed new model (Section 4) because of the 
larger dynamic range of environmental conditions avail^dDle, and 
because of the larger statistical sample. Our new model fits the data 
better than SASSl, particularly for the higher wind speed range. 

The understanding of the physics of the NRCS and its interaction 
with the ocean surface is an air-sea interaction problem - a complex 
and controversial subject. In addition, meteorologists are largely 
interested in the marine winds, while oceanographers are largely 
Interested in the wind stress. Previous SASS models only led to the 
computatic of one of these geophysical parameters. For SASSl, the 
output was the marine wind speed. Herein, both the meteorologists and 
oceanographers are presented a consistent formulation. Equations (4), 
(5), and (6), of a model function that results in the estimation of 
both the wind speed and wind stress from SASS measurements. 

The new empirical model nas a more physical basis for its 
development and formulation that its predecessor, SASSl. In our 
formulation, the NRCS is related to the aerodynamic roughness length 
through the bulk momentum transfer coefficient (right scale of Figure 
9d). The aerodynamic roughness lengths, as noced by Kondo (1975), are 
based on measurements of the rms height of the amplitude of ocean 
waves between about 0.6 to 62 cm in wavelength. These were then 
correlated to measured winds by Kondo through the bulk momentum 
transfer coefficient. Scattering theory shows that the NRCS is a 
measure of the mean-squared amplitude of the Bragg resonant scattered 
ocean waves (Wright and Keller, 1971). For SASS, these Bragg resonant 
waves are between about 1 to 3 cm in wavelength (for incidence angles 
60 to 20 degrees, respectively). It therefore may not be surprising 
that the rate of change of the NRCS with wind speed and the rate of 
change of the bulk momentum transfer coefficient of Kondo (1975) with 
wind speed is strongly correlated (correlation coefficient of 0.99). 
Whether Kondo 's empirical parameterization adequately represents the 
wind stress is a matter for future verification. Even so, Garratt 
(1977) noted hat the bulk momentum transer coefficient ct Kondo 
"based on high-frequency wave amplitude data, agrees well with the 
collected C^^ data". 

The ocean wavelength regimes discussed above neatly straddle the 
capillary-gravity wavelength range. In the theories of capillary- 
gravity wave propagation, viscosity and surface tension play an 
important role and should be taken into consideration for future 
scatterometers as well as for SASS. Over a global ocean surface 
temperature range of 25C the viscosity of sea water varies by a factor 
of two: this variation affects the short wave structure and thence 
possibly the backscatter which is sensitive o these waves. Our 
continuing work on the parameterization of the model function Includes 
the Incorporation of both viscosity and surface tension. 
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. • Spaceborne scatterometer systems are now being considered 

; necessary by NASA and the Navy for future satellites. ESA (European 

Space Agency) has already approved a spaceborne mission which includes 
a scatterometer. Our research, which includes stud.es to characterize 
the errors as well as the important scatterometer-related physics, are 
i potentially important to the design, implementation, and utilization 

of future spaceborne scatterometers , and to an understanding of the 
riole of scatterometry in global meteorological and oceanographic 
‘ research, applications, and predictions. 
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